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INTRODUCTION 


Elsewhere (7) we set forth the con- 
cept that cancer is in part a manifesta- 
tion of a special type of cellular adap- 
tation to unusual environments. If 
the transformation of normal mam- 
malian cells to cancer cells is basically 
a survival process, then the study of the 
behavior of small, single-celled, free- 
living species exposed to unfavorable 
environments might throw some light, 
it was thought, upon the mechanism of 
this transformation. 

In two previous papers (2, 3), we 
submitted experimental evidence which 
seemed to justify the posing of two ten- 
tative principles of species adaptation. 
These principles have been demon- 
strated repeatedly and without failure 
on three species of bacteria (/berthella 
typhi. Escherichia coli, and Strep- 
LOCcOCCUS hemolyticus). They may a 
confirmed readily by any bacteriologist 
in a few weeks. There is no reason to 
believe that they do not hold for other 
species of bacteria. 

The principles with slight revision 
may be restated thus: 

(1) The continuous exposure of ac- 

ely multiplying, free-living, single- 
celled, bacterial species to an unfavor- 
able environment may not be fatal to 
individual organisms or cultures for a 
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number of generations or cell-division 
cycles, but in due time the strain will die. 

(2) By discontinuous or alternating 
exposure, an actively multiplying spe- 
cies can adapt successfully and continue 
to survive in the same environment that 
is fatal when the exposure is continuous. 

The additional observations recorded 
herein, which have extended over a pe- 
riod of 6 years, demonstrate conclusive- 
ly. we believe, that the first principle 
holds also for the species, Paramecium 
multimicronue |e atum. The ev idence e 
that the second principle holds for para- 
mecia is up to now suggestive but not 
conclusive. 


MATERIALS AND METHODS 


The test organism was a strain of par- 
amecium obtained from a fresh-water 
pond in nearby Maryland and _ subse- 
quently identified as Paramecium multi- 
micronucleatum, by Prof. T. M. Sonne- 
born, Department of Zoology, Indiana 
University. The regularly transferred 
cultures of organisms have been desig- 
nated as series or strains since no effort 
was made to establish clones. All cul- 
tures were carried in l-ounce specimen 
bottles with tightly fitting rubber stop- 
pers to prevent evaporation. Each bot- 
tle contained three sterilized grains of 
rice and 10 ml. of dilute paramecium 
medium prepared by adding 1 ml. of a 
stock solution to 1 1. of distilled water. 
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The stock solution consisted of the fol- 
lowing: 
Sodium chloride___- 
Calcium chloride ----. 06 gm. 
Potassium chloride- 0.4 gm. 
Distilled water__..._--~- 100 ml. 
Care was taken to protect all cultures 
from sunlight or diffuse daylight by 
blacking out the windows of the labora- 
tory and covering the ceiling lights with 
five layers of yellow cellophane (tango 
shade), since some of the agents used 
render the organisms photosensitive. 
The water-insoluble chemicals (phe- 
nanthrene and methylcholanthrene) 
were added to each culture bottle in a 
solution of benzene which was permitted 
to evaporate before the culture media 
were added. 
To each 100 ml. of the dilute medium, 
1 ml. of a phosphate buffer (pH 6.0) 
was added. ‘The paramecia cultures 
were kept at room temperature and 
after thorough mixing were trans- 


10 gm. 


ferred routinely in series every 10 or 11 
days to bottles of freshly prepared 


DEC 11, 194) TO JAN 14, 1943 


medium, 0.5 ml. of the last culture 
each series being used as inoculum. 


RESULTS 


In figure 1 is recorded the time 
survival of 8 series of Parameci 
multimicronucleatum exposed conti: u- 
ously to various agents and of 16 ser e 
of the same organism (Nos. 9 to 24, 1 
resented by the solid black bar) as c« 
trols. 

Series 1 exposed to crystal vi 
(0.25y per milliliter) survived for m 
than 1 year, December 11, 1941, 
January 14, 1943. The organisms w 
alive in the thirty-eighth transfer | 
failed to develop in the thirty-nir 
Repeated rete failed to gi 
When the concentration of crystal \ 
let was reduced to 0.16y per millili 
(series 5), the species continued 
thrive for 118 transfers (3 years ; 
414 months). Subsequent to the pi 
aration of figure 1, series 5 died on t! 
one hundred and twenty-ninth transfer. 


FAILED TO GROW ON TRANSFER NO. 39 


1GAMMA PER MULLILITER 


TO MAR 15. 1945 


FAILED TO GROW ON TRANSFER NO. 70 


FAILED TO GROW ON TRANSFER NO. 76 


MAY 16.1939 TO MAY 29, 1942 


- FAILED TO GROW ON TRANSFER NO. 10! 
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Figure 1.—Special adaptation; continuous exposure of Paramecium multimicronucleatu 
methylcholanthrene and other agents. 








Series 2 exposed to neutral red (1 y 
er milliliter) survived for over 2 years 
February 12, 1942, to February 21, 
44), failing to grow on the seventieth 
ansfer. 

Series 3 exposed to the noncarcino- 
nie polycyclic hydrocarbon, phenan- 

turene (10y per milliliter) survived 
uw 2 years and 2 months, failing to 
crow on the seventy-sixth transfer. 
|’revious tests had shown that the strain 
ed when exposed to lower concentra- 
tions (2). Considerable variability in 
sirvival value should be expected. 

Series 4 exposed to eosin (10 y per 
milliliter) survived for a little over 3 
years, failing to grow on the one hun- 
dred and first transfer. 

Series 6 exposed continuously to 35 
ng. of radium element sealed in plati- 
nium-iridium needles, which were again 
sealed in capillary glass tubes, survived 
for nearly 5 years and 6 months failing 
to grow on the one hundred and nine- 
tieth transfer. 

Series 7 exposed to the carcinogenic 
hydrocarbon, methylcholanthrene (1 
per milliliter, then increased to 10 y 
in 1943), survived for 6 years, lacking 
1 month and 5 days, failing to grow on 
the two hundred and fifth transfer. 

Series 8 exposed to fluorescein (10 y 
per milliliter) has survived for more 
than 6 years. The cultures are still 
vigorous and active, with no apparent 
loss of vitality on the two hundred and 
sixth transfer. At this writing (Decem- 
ber 1945), series 8 has reached the two 
hundred twenty-fourth transfer. 

The 16 control series (Nos. 9 to 24), 
which have never been exposed to any 
agents, are alive and apparently 
healthy. There has been a_ slight 
change in their behavior as measured by 
our survival tests, which are described 
and discussed later. 


CONTINUOUS EXPOSURE TESTS 


(hese experiments, in which a species 
{ Paramecium was exposed continu- 
usly to various agents over long peri- 
ods involving many cell-division cycles, 
have yielded additional data in support 
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of our first principle, stated previously. 
The time required to demonstrate con- 
clusively the principle of continuous ex- 
posure on paramecium has been far 
longer than the period required to dem- 
onstrate the same principle on three 
strains of bacteria. This is due, per- 
haps, to the more rapid cell-division 
rate of bacteria as compared with para- 
mecia. Bacteria in favorable media 
usually divide by simple fission every 20 
to 30 minutes; paramecia usually divide 
about once a day under similar condi- 
tions. 

The eight strains of paramecia ex- 
posed continuously to various agents 
displayed no visible structural or func- 
tional changes in the organisms for 
many transfers. In some cases cell- 
(livision rate, as far as it could be meas- 
ured by recording a daily census, seemed 
to be stimulated. At times large num- 
bers of conjugants appeared in the 
strains exposed to methylcholanthrene 
and to radium. During the last 12 
months of the life of these strains, con- 
jugants have been noticeably absent. 
Abnormal forms caused apparently by 
incomplete fission have always been 
common in the strain exposed to ra- 
dium. None of these forms, in our 
hands, were capable of breeding true. 
Either they would die or would return 
to the normal shape if they survived. 

All the 16 control strains have sur- 
vived 6 years, while all the strains ex- 
posed to various agents have died, with 
the exception of the one exposed to 
fluorescein (No.8). We have not tested 
the effect of fluorescein in concentra- 
tions higher than 10y per milliliter. In 
this concentration, however, there has 
always been a definite slowing of the 
cell-division rate when the cultures have 
been compared with the controls of the 
same age. Further consideration is 
given to the behavior of the fluorescein- 
exposed strain in the section, Recent 
Survival Tests. 

While there was at first and for many 
subsequent transfers no measurable or 
visible effect of these various agents on 
individual organisms or on individual 


cultures, one must assume that some 
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sort of cumulative effect took place from 
generation to generation since the or- 
ganisms finally became sluggish and in 
some cases very definitely smaller and 
shorter before the species died. In the 
eosin series (No. 4) and in the methyl- 
cholanthrene series (No. 7), this was 
noticed for at least 20 transfers, or more 
than 6 months before death. 

The significance of these observations 
seems to lie in the fact that one can dem- 
onstrate that an environment which is 
not destructive to individual organisms 
will destroy the species if it is exposed 
to the environment over a sufficient num- 
ber of cell-division cycles. In brief, an 
environment that 1s ontogenetically 


harmless may be phylogenetic: ally fatal. 


RECENT SURVIVAL TESTS 


In a progress report (4) on the 
behavior of the methylcholanthrene- 
exposed strain it was shown that this 
strain acquired a greater survival value 
and was capable repeatedly of reaching 
population levels far higher than those 
of control organisms under the condi- 
tions of our survival tests. These be- 
havior patterns were not manifested at 
once and did not become apparent until 
after at least 30 transfers, or more than 
300 days. Furthermore, the methyl- 
cholanthrene-exposed strain was the 


only one that showed this remarkal 
behavior in a convincing way on 1 
peated tests. Lately the fluorescei 
exposed strain has revealed this ten 
ency after more than 200 transfe 
(fig. 5). 

The technique of our survival te; 
may be described again for convenien 
(4, p. 244): 

Pyrex glass depression plates contain 
nine bowls of 1-cc. capacity each were us 
to observe the cell-division rate and the sur- 
vival of normal [and test] organsms * * * 

The depression plates were first placed 
a concentrated chromate sulphuric acid se\u- 
tion for at least 24 hours; then they were 
rinsed in tap water and placed in 50 perce 
nitric acid for another 24 hours. Next the 
were placed in liquid soap and cleaning s 
tion prepared from a commercial powder 
known as Oakite (trisodium phosphat 
After thorough rinsing, successively, in tap 
water, in distilled water overnight, and in 
the buffered paramecium medium they were 
drained and used immediately without dry 
ing. 

About one-tenth cubic centimeter of the 
culture of organisms from the culture of 
Paramecium to be tested for survival was 
placed in a watch crystal containing at least 
5 ce. of the plain salt-solution medium. This 
diluted the organisms so that they could be 
easily picked up with a capillary pipette, one 
or two at a time, under a dissecting micro 
scope and transferred to the bowls of the 
ge ge plates, each of which contained 
1 of the [freshly prepared] salt-solution 
eadbbidal, Routinely, 2 * organ 
isms were placed in each bowl which give 1 
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1944). 
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ganisms to each plate [containing 9 bowls. 
uur such plates were used for each sur- 
vival test, thus starting with 72 organisms. 
toutinely also the test organisms were 
jected from cultures from 15 to 20 days 
dj. 

The population counts of each plate 
ecorded daily [until all the organisms 
ead or until the test had proceeded 
ough to give a clear-cut result]. 


were 
were 
far 


RESULTS OF RECENT SURVIVAL TESTS 


Figures 2 and 3 reveal, as have nu- 
nerous other survival tests, that when 
paramecia have been exposed continu- 
ously to methylcholanthrene for long 
periods (nearly 5 years in these two 


GURE 4.—Paramecia survival tests, 


census (July 30, 1945). 


daily 


i 


instances). the exposed organisms reach 
higher population levels than do the 
unexposed controls and display greater 
survival value under the conditions of 
this test. But we have recorded a third 
survival curve in each of these charts 
that displays a behavior pattern which 
we believe is significant. In one in- 


stance, the organisms had been exposed 
160 transfers and then removed from 


the agent for 10 transfers (fig. 2). In 
the other (fig. 3), they had been exposed 
for 137 transfers and removed from the 
agent for 35 transfers. In both curves, 
one sees at least a fourfold increase in 
population under identical conditions 
as the control strains. The same gen- 
eral pattern has been obtained on 
repeated tests. 

Again in figure 4, after the methyl- 
cholanthrene-exposed organisms had 
been removed from the agent for 78 
transfers (more than 780 days or 2 
years), one notices that the capacity to 
survive for a longer period than the 
controls was retained and that the peak 
of the population level was delayed un- 
til the fifteenth day. Apparently this 
pattern of behavior appears to be a rel- 
atively permanent acquisition. 

Figure 5 shows that the strain contin- 
uously exposed to fluorescein remained 
at a higher population level throughout 
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Ficure 5.—Paramecia survival test, daily 
census (July 30, 1945). 


the test and that the organisms were 
multiplying up to the fifteenth day. 
In this fluorescein-exposed strain, the 
size of the organisms has remained for 
over 6 years as large and as active as 
the controls. This result is in marked 
contrast with that of the methylcholan- 
threne-exposed strain, and also with 
the eosin-exposed. Fluorescein is the 


only substance or agent in our hands 
that has not finally destroyed the spe- 


cies. In greater concentrations than we 
employed, it would perhaps kill off the 
strain. 

The last survival test on the methyl- 
cholanthrene-exposed strain was made 
from the one hundred and ninety-fifth 
transfer. At this time, the organisms 
had lost the usual pattern of high popu- 
lation levels and in fact did not in- 
crease in numbers at any time. Or- 
ganisms in all the bowls were dead on 
the seventh day. However, when or- 
ganisms from the one hundred and 
ninety-fifth transfer were similarly set 
up in the bowls of the depression plates 
and fed 1: 1,000 dilution of a liver ex- 
tract, the usual behavior pattern was 
observed and the population reached 
again higher levels than did control or- 
ganisms similarly fed. The phenan- 
threne- and eosin- -exposed strains were 
similarly shown to be weaker than the 
controls for many transfers before the 
death of the strain, as measured by our 
survival tests which impose conditions 
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of partial starvation. (See Spence: 
and Melroy (4, figs. 5 and 6) for sur 
vival test on eosin-exposed. ) 


DISCUSSION 


Jennings (5), after years of experi 
ence with Paramecium bursaria, state 
that clones of this species, like indi 
vidual bodies in multicellular animals 
pass through a period of sexual imma 
turity followed by a period of sexua 
maturity lasting several years and the: 
a period of decline (aging) durin, 
which multiplication is slower an 
death of individuals becomes frequent 
During the period of sexual maturity 
conjug ration readily occurs with clone 
of a different sex type of the same va 
riety. Finally the clone may die ou 
completely. There are two opinions 
according to Jennings, as to the reasoi 
for the death of a clone: (1) That th 
period of aging and death is a norma! 
successor to the periods of immaturity 
and maturity which are undoubted fea 
tures of the life history of these crea 
tures. The phenomena in the protozoa 
are thus held to be of the same kind 
as occur in the life history of indi 
viduals of multicellular organisms. 
The nature of aging is considered the 
same problem for the two groups. (2) 
That the decline and death of clones 
are the result of prolonged living under 
unfavorable conditions. This view, to 
which Jennings himself formerly was 
inclined, is based— 
so far as concrete evidence is concerne: 
partly on experiments which show that un- 
favorable cultural conditions do indeed in- 
duce or accelerate decline, partly on the fa: 
that investigators have in a number of 
species kept certain clones alive, under fay- 
orable conditions for many years witho 
decline or death. 


Jennings quotes Woodruff (6), w 
showed that inadequate nutritive con- 
ditions result in decline and death « 
Paramecium aurelia. Using differeit 
branches of the same stock, Woodr 
kept one branch constantly in hay inf 
sion, while he subjected another bran 
to varied cultural conditions. In t 
constant hay infusion the fission ra‘ 
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eclined, and the culture died out at 
1e end of 107 days, whereas the para- 
iecia subjected to varied conditions 
mtinued indefinitely without decline 
f vitality. The short period of 107 
ivs for the decline and death is in 
rong contrast with the 8 or 9 years 
t rat the clones of P. bursaria live before 
eclining to death. Apparently our 
trains” of P. multimicronucleatum 
so have long periods of decline before 
‘ath. In our hands, 16 control series 
‘this species have lived over 6 years 
ul are still relatively vigorous 
though, as measured by our survival 
sts, these strains do not now reach the 
ppulation levels they once did. Nor 
) we now ever see any conjugation, 
hich was commonly observed for the 
first 2 or 3 years. Our most interesting 
strain is the one (fig. 1, series 8) that 
has been exposed continuously to 
fluorescein for over 6 years. It 1s ap- 
parently more vigorous (fig. 5) than 
the controls, and there is no evidence 
of decline as yet. The behavior of 


these organisms under the conditions 
of our survival-test technique may be 


seen to be different from the control 
strains. It will be interesting to see if 
this fluorescein-exposed strain outlives 
the controls. Both strains are vigorous, 
and there has been no diminution in the 
size of the organisms of these strains as 
observed in some of the strains which 
have been exposed to other substances 
and which have died out. 

We have considered the behavior of 
our paramecia strains exposed to vari- 
ous agents over long periods of time 
as manifestations of a special type of 
species adaptation. The adaptation 
seems to have been a gradual process. 
The criticism has been made, however, 
that the term “adaptation” should not 
be used to cover the results here de- 
scribed, and it has been suggested that 
“resistance to drugs” would be more in 
accord with the facts. Our more or less 
permanently altered organisms have 
also been termed “degenerated mu- 
tants.” In this connection, perhaps it 
is wise to define our term. We have 
ued the word “adaptation” in its 


broadest sense to include any appar- 
ently permanent change in an organism 
induced by a given environment, re- 
gardless of whether the change is con- 
sidered as an improvement and a 
progressive change, or as a degenerative 
change. In support of this definition, 
we quote Conklin (7), one of America’s 
foremost biologists. 

From a broad biological point of view prog- 
ress means movement toward the universal 
goal of living things, namely, survival. Any 
change in an organism which leads to in- 
creased chances of survival is progress 
towards that goal and for that species, even 
though it may involve degeneration and para- 
sitism. 

Any change leading to increased 
chances of survival is in Conklin’s opin- 
ion therefore progress. Such a change 
is in our opinion an adaptation, even 
though it involves “degeneration and 
parasitism.” One may readily consider 
our methylcholanthrene-adapted, or 
should we say, methylcholanthrene-ex- 
posed paramecia, as degenerated, that 
is, from a structural point of view, since 
they have remained smaller than the 
control organisms even after removal 
from the agent for 78 transfers, or over 
2 years. On the other hand, from the 
standpoint of functional change, it is 
equally reasonable to consider them as 
having undergone progressive adapta- 
tion since they have repeatedly dis- 
played greater survival value and have 
reached higher population levels than 
the controls as measured by our sur- 
vival tests (figs. 2-4). It would seem, 
therefore, that survival value in a 
given environment must remain our 
sole criterion of adaption. 

The results with fluorescein seem to 
suggest that some chemicals, to which 
the strain is of course not accustomed, 
need not be harmful after continuous 
exposure. In fact, the results in figure 
5 suggest that fluorescein in the concen- 
tration employed was actually benefi- 
cial to the strain, beneficial from the 
standpoint of greater survival value at 
the time of the test (212 transfers). 
The same was true for the methylchol- 
anthrene-exposed organisms from the 
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thirty-fifth transfer to about the one 
hundred and ninetieth. This strain, 
however, died on the two hundred and 
fifth transfer. Most of the chemicals 
employed were for a time stimulating 
but later proved fatal. Such a result 
is what might be expected when or- 
ganisms are exposed to such small quan- 
tities of harmful substances. Whether 
a substance is toxic or stimulating de- 
pends not only upon dosage and upon 
the method of exposure (continuous or 
discontinuous) but also upon whether 
one’s frame of reference is the individ- 
ual organism or the species. 

It should be pointed out that in all our 
survival tests (figs. 2 to 5) in which in- 
dividuals of the strains exposed con- 
tinuously to various agents were trans- 
ferred to the 1-ml. bowls of the depres- 
sion plates, some living bacteria and a 
few ciliates may also have been carried 
over, although the transfers were made 
by diluting 0.1 ml. of culture in about 5 
ml, of sterile culture fluid, and each or- 
ganism was picked up separately in a 
capillary pipette under a dissecting mi- 
croscope. Since these other living 


forms had also been exposed to the var- 
ious agents, some of the functional 
changes noted in the paramecia may 
have been due in part to changes in 
these living environmental agents, some 
of which (bacteria) are ingested by the 


paramecia. That the environment hi: 
been changed and does affect the bi - 
havior of the paramecia is strongly in 
dicated in the paper by Daniel, Spence . 
and Calnan which appears in this issu. . 

As yet we have not been able to make 
a biochemical analysis of the pare: 
(control) strains and the daughtir 
(exposed) strains, nor have we ma 
any attempt to study their genet 
differences. Certain differences shou 
be expected. 


SUMMARY 


The behavior of strains of parameci 
after continuous exposure to vario 
agents over long periods of actiy 
multiplication maintained by regul: 
10-day transfers in an optimun 
medium, supports the principle the 
an environment which is apparently 
harmless to individuals may have 
cumulative effect on the species and 
may finally destroy it. 

Strains of paramecia after long ex- 
posure to methylcholanthrene and then 
removed from the agent revealed an ac- 
celerated rate of multiplication and 
reached higher population levels than 
did either the control strains or the 
continuously exposed organisms. 

The problems of cellular and species 
adaptation are discussed briefly. 
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By DororHy CALNAN, junior bacteriologist, and R. R. Spencer, Chief, National Cancer Insti- 


tute, National Institute of Health, 


Somewhat similar experiments to 
hose carried out on paramecia, as re- 
orted in the previous paper of this 
eries,’ were made on a species of mul- 
cellular flat worm, Stenostomum tenu- 
audatum. This organism was re- 
eived from Prof. Wm. A. Kepner. 
filler School of Biology, University of 
‘irginia, and was identified by Dr. 

W. Nuttycombe, of the University 

of Georgia. 

The organisms were cultivated in 
ture dishes of about one-half-liter 

capacity, and 250 ml. of medium was 
employed for each dish. The medium 
was prepared by using 1 ml. of our 
basie-stock paramecia medium to 1,000 
ml. of distilled water, with 1 ml. of 
phosphate buffer (pH 6.0) to each 100 
ml. Twelve grains of wheat were 
added to e: - 1,000 ml. and brought to 
a boil for 1 minute. The freshly pre- 
pared cout ho was then poured into 
the culture dishes and permitted to 
cool before the dish was inoculated with 
2 ml. of medium (without worms) from 
the previous culture in the series. The 
worms were added the following day. 
This procedure permitted the bacteria 
and rotifers from the old culture to de- 
velop. The worms usually find suffi- 
cient food in the culture medium, but 
the presence of rotifers seemed to en- 
hance the growth rate. In this manner, 
each culture was transferred every 14 
days to a fresh dish, 12 organisms be- 
ing used for each rae : 

In figure 1 are recorded the number 
transfers and the survival times of 
even series exposed to the two hydro- 
irbons, phenanthrene (noncarcino- 
genic) and methylcholanthrene (car- 
nogenic). The population levels of 
ch dish were recorded at the end of 
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28 days throughout the entire test, which 
covered a period of more than 3 years. 
However, population levels were so ir- 
regular in the control series and in the 
series exposed to the hydrocarbons that 
no definite conclusions could be reached. 
Nevertheless. when these levels were 
plotted for the entire life span of each 
strain, despite the great irregularity a 
definite increase in populations was ob- 
served during the months of February, 
March, and April. both in 1943 and 1944, 
and January to April in 1945 for those 
strains exposed to methylcholanthrene 
(series 6 and 7). (The graph showing 
the changes in population is so large 
that it is not included in this paper.) 
Neither in the control series nor in those 
exposed to phenanthrene was such an 
increase observed. At present we do not 
know whether this was a chance phe- 
nomenon or not or whether it has any 
special significance. It is not planned 
to repeat these tests because of the time 
required to obtain conclusive results 
with this species. 

In the concentrations employed (2y 
per milliliter), all the first five strains 
exposed to phenanthrene died, regard- 
less of whether the exposure was con- 
tinuous or discontinuous. Lower con- 
centrations (ly per milliliter) prob- 
ably would have shown a difference in 
the survival time between the continu- 
ously exposed and the discontinuously 
exposed series. Strain 5, exposed al- 
ternately for 3 consecutive transfers to 
phenanthrene in a concentration of ly 
per milliliter and 3 transfers without 
the agent, lived the longest (25 trans- 
fers). Phenanthrene was thus found 
to be more toxic than methylchol- 
anthrene, which in a concentration of 2y 
per milliliter was not fatal to the strain 
until the forty-ninth transfer (series 6). 
By the discontinuous method, the 
strain was still alive and vigorous at 
the eighty-first transfer after 3 years 
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Continuous and discontinuous exposure of Stenostomum tenuicaudatum to 


phenanthrene and to methylcholanthrene. 


(series 7). No structural changes were 
observed at any time, nor was there any 
evidence of sexuality throughout the 
test. Sexuality has been considered a 
rejuvenating mechanism by most inves- 
tigators. Its absence here may be a fac- 
tor in the failure of the worms to sur- 
vive. Nuttycombe and Waters? state: 

* * * we have maintained S. tenuicau- 
datum in wheat-grain infusions for 11 years 

2 NuttycomsBe, J. W., and Waters, A. J.: The 


American species of the genus Stenostomum. Proc. 
Am, Phil. Soc., 79: 280 (1938). 


without the appearance of any sexuality du 
ing which time more than 1,000 asexual generi- 
tions have passed. 

The continuous exposure of a flat 
worm, Stenostomum  tenuicaudatum, 
to phenanthrene and to methylcholai- 
threne seemed to provide additional 
data, in this instance on a multicellular 
species, that an environment which at 
first appears harmless to individual or- 
ganisms may in time be fatal to the 
species. 





METHYLCHOLANTHRENE AND THE ENVIRONMENT OF 
PARAMECIUM 


By GrorGeE E. DANIEL, 


research fellow, R. R. SpENcER, Chief, and DororHy CALNAN, junior 


bacteriologist, National Cancer Institute, National Institute of Health, United States 


Public Health Service 
INTRODUCTION 


Results previously reported! show 
at continuous exposure of Parame- 
im  multimicronucleatum to 20- 
ethylcholanthrene increases the popu- 
tion level arising from individuals 
cen from exposed mass cultures and 
t under certain test conditions. This 
ult may be due to a direct action of 
- carcinogen on the cell, it may be the 
sponse of the normal cell to more 
vorable conditions produced by the 
tion of the chemical on the environ- 
nt, or it may be due to a combina- 
m of these factors. As an attempt 
evaluate these two possible mecha- 
isms, the following’ experimental 
rk was carried out. 


MATERIALS AND METHODS 


The methods developed by Spencer 
and Melroy? for maintaining normal 
and experimental mass cultures and de- 
termiming the population levels were 
used. These procedures may be briefly 
outlined as follows: Stock cultures are 
maintained in 1-ounce, rubber-stop- 
pered, specimen bottles containing 10 
cc. of saline and three rice grains. The 
saline contains 0.1 gm. sodium chlo- 
ride; 0.004 gm. potassium chloride, and 
0.006 gm. calcium chloride per liter 
(Chalkley’s solution). Transfer to 
fresh culture fluid is made every 10 or 
11 days. One-half milliliter of old cul- 
ture is used as inoculum. Methylchol- 
anthrene is added at a concentration 
of 10 micrograms per milliliter of sa- 
line. The carcinogen is added to the 
culture bottle as 0.1 ml. of a benzene 


SPENCER, R. R., and MELRoy, M. B.: 
inogens on small organisms. III. Cell-division 
and population levels of methylcholanthrene- 
‘ted paramecia. J. Nat. Cancer Inst., 2: 185 


Effect of 


(1941). 

SPENCER, R. R., and MELROy, M. B.: Effect of 
inogens on small free-living organisms. II. 
ival value of methylicholanthrene-adapted 
mecium. J. Nat. Cancer Inst., 1: 343-348 
). 


solution, and the solvent is allowed to 
evaporate before saline and rice are 
added. To carry out tests on popula- 
tion levels, depression plates of clear 
pyrex glass are used as observation 
dishes. The plate contains nine de- 
pressions, to each of which is added 0.9 
cc. of the fluid to be tested. About 0.1 
ml. of material containing paramecia 
from a vigorous culture is added to 5 
ml. of fresh saline, and the test organ- 
isms are picked out from this diluted 
portion of the stock culture. Two para- 
mecia are added to each depression on 
the plate. The plates are kept in a 
moist chamber at room temperature. 
Daily counts are made of the total num- 
ber of paramecia in each dish. 

It should be pointed out as to the 
method of adding the methylcholan- 
threne * that the procedure used results 
in a MC-saline complex in which noth- 
ing is known about the proportion of 
the hydrocarbon in solution, in colloidal 
suspension, and in large crystalline ag- 
gregates. From known facts about the 
solubility of MC, it is safe to assume 
that the vast bulk is in crystalline aggre- 
gates, a small amount in suspension, and 
an extremely minute amount in solution. 
Regardless of its lack of quantitative 
precision, the method is simple and 
gives a sufficient quantity of MC in an 
active state to produce a measurable ef- 
fect on the treated cultures. 

Mass cultures of Parameciuin multimi- 
cronucleatum continuously exposed to 
the action of 20-methylcholanthrene for 
4 years (MC cultures), cultures which 
had never been exposed to the carcino- 
genic agent (normal cultures), and cul- 
tures exposed for 3 years but which had 
been out of contact with the carcinogen 
for 1 year (MC-lateral cultures) pro- 
vided the source material for the ex- 
periments reported in the present paper. 
Subcultures containing all the bacterial 


3’ Hereinafter referred to as MC. 
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flora and other elements of the respec- 
tive mass cultures except the paramecia 
and the MC were made, and these para- 
mecia-free cultures furnished the fluids 
tested in the experiments. To start the 
subcultures, about 0.1 ml. of material 
was taken from vigorous stock cultures 
of each strain (normal, MC, and MC- 
lateral) and put on a sterile glass slip. 
All the paramecia were removed from 
this drop of culture fluid, and the para- 
mecia-free material was inoculated into 
sterile medium. In this way a culture 
of the flora and dissolved materials from 
each of the three types of stock cultures 
was secured and allowed to develop un- 
der conditions such that it was not in- 
fluenced by the continuous presence of 
paramecia. The liquid portion of such 
cultures is referred to herein simply as 
fluid or paramecia-free fluid. The con- 
notation of the term “fluid” includes all 
the dissolved or suspended material as 
well as the living organisms present in 
the culture; in short, it is the environ- 
ment of the paramecium. Modifiers 


such as “MC” or “Normal” show the re- 
lation of the fluid to the stock culture 


serving as source of the respective para- 
mecia-free culture. 

The paramecia-free cultures were 
allowed to develop for 10 to 14 days, 
and then test paramecia from each of 
the three stock strains were subjected 
to the action of each of the three varie- 
ties of paramecia-free fluid. The daily 
population level of test paramecia was 
determined as outlined previously. 

Sterile Berkefeld filtrates from a 
series of paramecia-free cultures, pre- 
pared as described herein, were also 
tested on the three strains of paramecia. 
Protozoa to be tested in the filtrates 


were washed in two changes of ster] 
saline before being inoculated into th 
test fluid. 


RESULTS 


The results obtained are shown i 
figures 1,2, and 3. Each point on t) 
graphs represents the average popul: 
tion per day per dish for three tria 
of two dishes each. 

Test paramecia from each of the 
three series of stock paramecia (M(. 
normal, and MC-lateral) produced 
much greater population level in the 
unfiltered lateral and MC-fluid than j 
the normal fluid (fig. 3, 4). 

The results of tests in filtrates of 
paramecium-free fluids are shown 
figure 2. In the filtrates the norm:| 
paramecia showed a greater total popu- 
lation in lateral fluid than in normal 
fluid, but the MC-lateral and MC-co 
tinuous paramecia showed a_highe: 
level in the normal than in the laters! 
fluid filtrate. With all paramecia, in 
lateral but not normal fluids, the fil- 
trates produced a lower total popula- 
tion level than did the comparable un- 
filtered fluids. The tests graphed in 
figures 1 and 2 were conducted at thie 
same time, June 1944. The experiments 
recorded in figure 3 were carried out 
some 6 months later. The wide differ- 
ence in room temperature at the two 
seasons undoubtedly influenced _ thie 
values recorded for total populations 
for the two series of experiments. 


SUMMARY AND CONCLUSIONS 


Daily population levels produced by 
the three varieties of Parameciii 
multimicronucleatum subjected to th 


Figure 1.—A, Normal paramecium in normal and in lateral fluids: B, MC paramecium it 
normal and in lateral fluids; C, Lateral paramecium in normal and in lateral fluids. 
Figure 2.—A, Normal paramecium in filtered normal, and in filtered lateral fluids; B, MC 

paramecium in filtered normal and in filtered lateral fluids; C, Lateral paramecium in 


filtered lateral fluid. 


Figure 3.—A, Normal paramecium in normal fluid, in lateral fluid, and in MC fluid; B, MIC 
paramecium in normal, in lateral, and in MC fluids; C, Lateral paramecium in nora! 
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action of three paramecium-free fluids 
were determined. 

In view of the extreme complexity of 
the question, no attempt is made to 
postulate the specific mechanism of the 
observed stimulation or to enter into a 
detailed discussion of results. The 


data as presented show (1) that tl 
degree of stimulation is associated wit 
the several fluids tested, and (2) th: 
passing the fluids through a Berkefek 
type filter removes from the fluid t] 
substance or substances responsible fc 
the stimulation observed. 





ORGAN CHANGES IN RATS EXPOSED REPEATEDLY TO LOW- 


ERED OXYGEN 
PRESSURE 


TENSION WITH 


REDUCED BAROMETRIC 


3y ALBERT J. DALTON, senior cytologist, BENJAMIN F. Jones, formerly surgeon, VIRGINIA 
B. Perers, junior cytologist, and ELtis R. MITCHELL, assistant chemist, National Cancer 
Institute and Industrial Research Laboratory, National Institute of Health, United 


States Public Health Service 
INTRODUCTION 


Recent studies on the effects of ex- 
posure of animals to lowered oxygen 
tension have for the most part been 
‘oncerned with specific changes in par- 
icular organs or organ systems, e. g., 
he adrenals (/-/), reproductive sys- 
em (7, 8), kidneys (9, 10), liver (17), 
und blood (72, 13). Dohan (14) re- 
orted on the changes in weight of the 
idrenals, thymus, and testes, and Tor- 
1etta and his associates (75) described 
weight changes of the adrenals, testes, 
eminal vesicles, prostate, thyroid, thy- 
nus, kidneys, spleen, and pituitary. 
With certain exceptions (3, 4, 12, 13), 
hese studies were made on animals sub- 
jected to relatively short periods of con- 
tinuous or repeated exposures. The 
present report is an extension of experi- 
ments reported previously (6) and deals 
with organ-weight changes and the cor- 
related histologic changes induced with 
repeated exposure to lowered oxygen 
tension over a period of 12 weeks. 


MATERIALS AND METHODS 


Two series of male Sprague-Dawley 
rats 8 to 10 weeks old were used? and, 
omitting Sundays, the exposures were 
carried out daily for 4 hours at partial 
pressures equivalent to 25,000 feet alti- 
tude (282 mm. mercury, pO, ¢. 59 mm. 
mereury). During the exposures a ven- 
tilation rate of 708 1. (25 cu. ft.) per 
minute measured at sea level was main- 
tained. Temperature within the cham- 
her was maintained between 23° and 
“5° C. These conditions were selected 
hecause previous experience indicated 

While the starting weights were somewhat dif 

ent in the two groups (table 1), the effects of 

posure were essentially the same in both, and for 


rposes of discussion they have been considered 
gether. 


that male animals of this strain could 
easily tolerate repeated exposures at 
this level for long periods. These are 
conditions, however, under which clear- 
cut responses could be expected. 

Control and experimental animals 
were kept under the same conditions and 
on the same diet, to which they had un- 
restricted access. Body weights of all 
animals were taken 3 times weekly. 
With the exception of the first group of 
controls chosen to approximate the 
weight of the animals exposed for 2 
weeks, groups of 12 experimental ani- 
mals and 6 controls were killed at inter- 
vals of 2 weeks during the period of 
exposures. The exposed animals were 
killed within 3 hours after removal from 
the chamber. With the exception of the 
pituitary, weights were taken after fix- 
ation of the organs in Zenker-formol 
solution. Pituitaries were weighed 
after fixation in Champy fluid. Paraffin 
sections were made of the large ma- 
jority of the organs, the average weights 
of which are listed in table 1. The 
pituitaries were studied either un- 
stained after osmic acid impregnation 
or after bleaching and staining with a 
modified Mallory’s triple stain. All 
other material was examined after 
staining with hematoxylin and eosin. 
In addition to the material listed in 
table 1, sections of ventral prostate, 
seminal vesicles, ductus deferens, liver, 
thyroid, pancreas, and stomach were 
studied. Besides Zenker-formol, sam- 
ples of liver were fixed in Champy fluid 
(for the study of the Golgi material) 
and in Regaud’s solution (for the study 
of mitochondria). The details of the 
technique used in the preparation of 
material for the study of these cellu- 
lar entities were described previously 
(16). 
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REPEATED EXPOSURE OF RATS TO LOWERED OXYGEN TENSION 


RESULTS 


WEIGHT CHANGES 
Body weights of the individual con- 
ol animals showed a_ consistent 
eekly increase of from 3 to 5 gm. 
epeated exposures under the condi- 
described resulted in consider- 
le loss of weight during the first 2 
eeks, averaging 30 gm. per animal. 
|‘ollowing this period of weight loss, 
ere was usually a short interval of 
yproximately 1 week during which 
ie Weight tended to remain constant. 
rom the third week on, body weights 
began to increase and actually ap- 
proached the normal weekly increment 
from the tenth to the twelfth week. 


ons 


TABLE 2. 
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Considering the two separate groups of 
experimental animals, the first and 
younger group appeared to gain weight 
more slowly than did the second and 
older group. Both groups, however, 
showed the same general trends in both 
organ and body weights and are there- 
fore summarized together (figs. 1 and 
2 and tables 1-2). 


HEART 


As was to be expected. the heart 
weights (fig. 1) increased relatively 
and absolutely during the first 2 weeks. 
The heart weights remained high 


through 8 weeks of exposure, but rela- 
tive and actual decreases were observed 
during the last 4 weeks. 


Organ weight-body weight ratios ! of rats exposed repeatedly to lowered oxygen tension 


CONTROLS 





Number 


of rats 


Exposure (in weeks s 
Pituitary 


Body 


0.0310 
0239 
0274 
0254 

. 0253 
. 0251 


Ratio 


Heart 
Body 


Kidney 
Body 


Spleen 


Body 


Thymus 
Body 


EXPOSED RATS 


0337 
0321 


0329 


. 0809 
0300 


0305 


. 0334 
. 0312 
average 0323 


. 0313 
. 0295 


average " Y . 0304 


0310 
- 0292 


average z . 0301 


. 0290 
. 0278 


ital or average . 0284 


4.24 





Organ weight in milligrams; body weight in grams; ratios computed from data in table 1. 


672310—45 














z 
WwW 
2 
= 
Ww 
a 
2 
9 
Pad 
Ww 











IGG -_— " 


~ K RMEAE&A n QA : 























BODY WEIGHT IN GRAMS BODY WEIGHT IN GRAMS BODY WEIGHT IN GRAMS 


°o ce} ° 

“ °o 

“ “ 
ny 


0 


Pitu- 





” ” 
rt) an 
T T 





Thymus; Spleen; 


TENSION 





AA PITUITARY WEIGHT 


LLL 


4 THYMUS WEIGHT 


¥ 
2 





4 SPLEEN WEIGHT 
IN WEEKS 


BODY WEIGHT 








HT 
EXPOSURE TIME 


G 





aR 


BODY WEIGHT 


itary weights and pituitary-body weight ratio. 


BODY WE 
PITUITARY WEIGHT 
BODY WEIGHT 





Z 
a 
5 
“ 
fo) 
a 
~ 
% 
2 
> 
eo} 
- 
ie) 
B 
NM 
- 
< 
x 
— 
° 
x 
2 
© 
val 
~ 
a 
_ 
& 
< 
a 
1s) 
a4 








Organ and body weights of controls and exposed animals. 


——EEE EEE ee 
° ” ° ru ° 
” ” N N 


vt 
° ° ° ° ° 
SWV¥9 Ni LHOISM SNWAHL 4HOISM N331dS 


TH5TSM AUVIINA 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 





oeeceesees MEAN 


RATIO OF SPLEEN WEIGHT TO BODY WEIGHT 





i 


ERROR OF MEAN (P«.05) 


Figure 3.—Means and errors of 
the means (P=0.05) of spleen 
weight-body weight ratios. The 
differences between S8-, 10-, and 
12-week values are significant. 








Time IN WEEKS 
KIDNEY 


Apparently the kidney weights 
(fig. 1) were little affected by the 
exposures during the first 6 weeks. 
They remained at the normal value or 
increased slightly while the body 
weight first decreased and then in- 
creased. From the eighth week on, 
there was an increase in weight to well 


above normal. The organ weight-body 
weight ratios indicate that the kidney 


weights remained relatively high 
throughout the period of exposure, 
with some tendency toward a relative 
decrease during the last 2 weeks. 


TESTIS 


No change, either relative or actual, 
was noted in testis weights (fig. 1) as 
a result of 2 weeks’ exposure. From the 
second through the sixth week, there 
was a marked decrease followed by a 
small but significant increase during the 
last 6 weeks of exposure. ‘These 
changes are evident in both the actual 
weights and in the testis weight-body 
weight ratios. 


THYMUS 


The thymus (fig. 2) showed an al- 
most straight-line loss of weight both 
relatively and actually through the first 
8 weeks of exposure. During the last 
4 weeks the loss was not so great. 


SPLEEN 


Spleen weights (fig. 2) were found 
to increase rapidly during the first 4 
weeks. They remained high during 1( 
weeks of exposure but decreased signifi- 
cantly during the last 2 weeks. Thi 
spleen weight-body weight ratios show 
the same general trend (table 2 and 


fig. 3). 
PITUITARY 


Pituitary weights (fig. 2) of nor 
mal adult animals bear a rather constan! 
relation to the body weights of suc! 
animals. The pituitary weight-bod) 
weight ratio of the controls was fairl 
constant, with the exception of the 
youngest group, chosen to approximat: 
in weight the animals exposed for 
weeks. The pituitary weights of ex 
posed animals, on the other hand, whil 
for the most part remaining within th 
normal range, showed a tendency to b 
on the high side. It should be remem 
bered that all these animals lost weigh 
during the first 2 weeks of exposure. 
Apparently the pituitary gland at lea: 
maintained its weight while the anim: 
as a whole was losing weight. On tl 
basis of organ weight-body weiglit 
ratio, the pituitary weight remaine:| 
relatively high during the whole perio | 
of exposure, possibly decreasing rel: 
tively during the last 2 weeks. 
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SECONDARY SEx ORGANS 


Although weights of the seminal 
vesicles were not determined, it was 
noted that the glands had decreased 
greatly in size by the end of 6 weeks of 
exposures. No such obvious change was 
noted in the ventral prostate. 


SUMMARY OF WEIGHT CHANGES 


In nearly all groups of animals, indi- 
vidual cases were noted in which the 
reaction to exposure was markedly 
above or below the average. For exam- 
ple, after 8 weeks of exposure, the testis 
weights of group 2 varied from 1.818 to 
0.522 gm., the average being 0.840 gm. ; 
and after + weeks of exposure, the heart 
weight of group 1 varied from 1.938 to 
0.850 gm., the average being 1.135 gm. 
Figure 3 gives an indication of the wide 
variations in spleen weight-body weight 
ratios in the last 8 weeks of exposure. 

Weight changes may be summarized 
as follows: The pituitary, heart, kidney, 
and spleen showed either an actual or a 
relative increase in weight following re- 
peated exposures, with a tendency to 
return toward normal values near the 
end of the period of exposures. The tes- 
tis showed extensive weight loss between 
the second and sixth weeks of exposures, 
with some evidence of recovery during 
the last 6 weeks. The thymus showed 
loss throughout. 


HISTOLOGIC CHANGES 


HEART 


In spite of the clear-cut evidence of 
hypertrophy of the heart, no evidence 
was found of any abnormality in the 
myocardium at any time during the 
period of exposures. The only evidence 
of damage noted was a slight to mod- 
erate thickening of the atrioventricular 
valves, usually of the mitral valve. 
This thickening was associated with 
‘ellular infiltration and was accom- 
punied by histologic evidence of mod- 
erate edema (fig. 4, A and B). No 
such change was noted in the controls. 
[n two instances in the 12-week group 
ind in three cases in a separate experi- 


ment not reported here but exposed 
under the same conditions for 8 weeks, 
large vegetative growths were found on 
the mitral valves (fig. 5). The valve 
leaf itself was thickened and showed 
cellular infiltration, particularly of his- 
tiocytes, and the vegetative growth ap- 
peared to be fibrinous. No evidence of 
an infectious process was _ noted. 
Lesions of this type have never been 
seen in the hundreds of control animals 


and animals exposed for short terms 
necropsied during the past 2 years. 


KIDNEY 


The major changes noted in the kid- 
neys were (1) the appearance of col- 
loidlike material in the collecting 
tubules, (2) the occasional presence of 
calcified masses in the collecting tubules, 
and (3) the frequent occurrence of 2 
types of pigment, particularly in the 
proximal convoluted tubules. Colloid- 
like material occurred very rarely in 
the controls, but in the exposed groups 
it was found in small amounts in 3 of 
24 animals at 2 weeks, in several areas 
in 1 of 23 animals at 4 weeks, 2 of 22 at 
6 weeks, 9 of 23 at 8 weeks, 7 of 22 at 10 
weeks, and 5 of 24 animals at 12 weeks. 
Figure 6 shows the characteristic ap- 
pearance and location of the colloid 
casts. Calcified casts were found in but 
2 of 22 animals at 10 weeks. Of the 2 
types of pigment, the one more fre- 
quently occurring (80 percent of the ex- 
posed animals) was a yellowish-brown, 
homogeneous substance present in the 
form of smoothly outlined globules of 
variable size in the cytoplasm of 
the cells of the proximal convoluted 
tubules. This type of pigment was 
found occasionally in older, apparently 
normal controls and in the same loca- 
tion. The second type of pigment, 
hemosiderin (fig. 7), was in the col- 
lecting tubules as well as in the prox- 
imal convoluted tubules. It was first 
found in 8 of 23 animals exposed for 
8 weeks and was observed in the kidneys 
of the large majority of animals from 
this time on. Hemosiderin was never 
found in the controls. It was found to 
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Figure 4.—4A, Slight thickening, with edema, of heart valve of a rat exposed for 10 weeks. 
x80: B. Region showing edema in A. X260. 
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FIGURE 5.- 


Mitral valve of heart of a rat exposed 12 weeks, showing a veruccalike growth 


on both valve leaves. XSQ. 


be iron-positive by the potassium ferro- 
cyanide test (Gomori (/7) ). 

As in the case of other paren- 
chymatous organs, the kidneys became 
obviously hyperemic after 4 weeks’ ex- 
posure. Between the sixth and tenth 
weeks, many kidneys showed enlarged 
elomeruli. This condition was not so 
obvious in animals exposed 12 weeks. 
Letween the fourth and tenth weeks of 
exposures, occasional mitoses were 
noted in proximal tubule cells. 

TESTIS 

Histologic changes in the testis cor- 
related rather well with the loss of 
weight previously mentioned. The first 
evidence of damage in the seminiferous 
t) bules consisted in a premature release 


of spermatids and relatively mature 


sperm from the Sertoli cells. This 
change was frequently associated with 
the appearance of multinucleate cells 
with acidophilic cytoplasm probably 
formed by the fusion of spermatids. 
Estimates of the loss and possible fusion 
of immature spermatogenic cells in the 
seminiferous tubules were made in all 
cases. Actual counts were made of 
complete cross sections from the left 
testis of each animal to determine the 
number of tubules showing severe 
damage and the number completely de- 
void of spermatogonia. Severe damage 
was considered to have been induced 
when all spermatids, secondary sperma- 
tocytes, and the majority of primary 
spermatocytes had disappeared, leaving 
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Figure 6.—Colloid in the collecting tubules of 
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Figure 7.—Proximal convoluted tubules of a kidney of a rat exposed for 10 weeks a 
stained for iron (Gomori method), showing hemosiderin. 600. 
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FIGURE 8.- 


only Sertoli cells, spermatogonia, and 
the early growth stages of the primary 
spermatocytes. This condition (fig. 8) 
may be identified under the medium or 
the low power of the microscope (mag- 
nifications of 200 to 100). The last 
ige in the degenerative process, which 
gins With the loss of some and prob- 
ly the fusion of other spermatids, is 
whed when only Sertoli cells remain 
the tubules. This stage was also 
idily identified, owing to the great 
fference in chromatin content of the 
clei of Sertoli cells and spermato- 
nia (fig. 9). 
After 2 weeks’ exposures during 
\ich there was little if any weight loss, 
he testes showed considerable evidence 
loss and fusion of spermatogenic 
Is, an average of 7 percent of the 
ules showing damage. In 1 testis of 
3 tubules were devoid of spermato- 
nia. At this time approximately 40 
«reent of the cells in the tubules of the 


Seminiferous tubules of a rat exposed for 10 weeks, showing severe damage but 
with spermatogonia remaining. 


X 260. 


epididymis were histologically normal 


sperm. The remainder were abnormal 
sperm, or immature, or fusion forms. 
At 4 weeks there was a small amount of 
sloughing and fusion in the testis, 20 
percent of the tubules showing severe 
damage; of these an average of 12 tu- 
bules per testis were devoid of sperma- 
togonia while at least 40 percent of the 
reduced number of cells in the epididy- 
mis were found to be normal spermato- 
zoa. After 6 weeks’ exposures, evidence 
of loss and fusion of spermatogenic cells 
remained slight, but more than 45 per- 
cent of the tubules showed severe dam- 
age. An average of 132 tubules per 
cross section of testis were devoid of 
spermatogonia, and only 5 percent of 
the few cells present in the epididymis 
appeared to be normal, mature, sperm 
cells. After 8 weeks of exposures, there 
appeared to be less damage than after 
6 weeks, 35 percent of the tubules 
showed severe damage. and an average 
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FIGURE 9.- 


of 115 tubules were devoid of sperma- 


togonia. The epididymis contained 25 
percent of normal adult sperm, al- 
though the total number of cells was 
small. After 10 weeks of exposures, 13 
percent of the testis tubules showed se- 
vere damage while an average of 42 tu- 
bules were without spermatogonia. Of 
the small number of cells in the epididy- 
mis, 35 percent appeared to be normal 
adult sperm. At the end of 12 weeks of 
exposures, 13 percent of the seminifer- 
ous tubules showed severe damage, and 
of these an average of 62 tubules per 
cross section of testis were devoid of 
spermatogonia. The epididymis con- 
tained small to moderate numbers of 
cells, 40 percent of which were normal. 

As was the case with the weights of 
organs, considerable variation in the 
degr ee of damage was observed within 
the various groups. At 6 and 8 weeks, 
for example, a few testes showed severe 
damage in as many as 95 percent of the 


Seminiferous tubules of a rat exposed for 6 weeks, from which the large majority 
of spermatogonia have disappeared leaving mostly Sertoli cells. 


X 260. 


tubules, while others were nearly nor- 
mal in appearance. Inspection of the 
epididymis in the latter indicated, how- 
ever, that never more than 50 percent of 
the cells recently released from. thie 
testis were histologically normal adult 
sperm. Testes showing severe damage 
were well below the average weight for 
the group whereas those showing little 
damage were considerably above. The 
histologic evidence, as well as the evi- 
dence from the testis weights, indicates 
that damage to the testis increased ra 
idly under our conditions between t 
second and sixth weeks of repeated ¢ 
posures and that from the sixth we 
through the twelfth there was sligh 
to moderate recovery. In two cases 

6 weeks and one at 8 weeks, damag 
was so severe that the possibility m 
be considered that permanent sterili 
may have been induced. Yet no su 
damage was evident in the testes of t 
10- and 12-week groups. 
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Ficvxe 10.—Ventral prostate. A, From a normal 383-gm. rat showing fairly numerous projec- 
ons of the tall columnar epithelium into the glandular lumens. X80; B, From a rat 
xposed for 8 weeks, showing low cuboidal epithelium and tubules distended with secre- 
on x SU. 
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FIGURE 11.—Spleen from a normal rat weighing 383 gm. X17. 


Cell counts were not made, and 
relative changes in number of the in- 
terstitial cells could not be detected by 
visual inspection in any of the testes of 
the exposed animals. 


SECONDARY Sex ORGANS 


The secondary sex glands showed lit- 
tle evidence of damage histologically. 
The seminal vesicles, as indicated pre- 
viously, showed a gradual decrease in 
size which was finally unmistakable on 
inspection. No histologic changes were 
observed that could be correlated with 
this decrease. The ventral prostate fre- 
quently showed little decrease in size. 
In other instances, the change was more 
obvious, and histologically there was 
evidence of dilatation of the more cen- 
trally located tubules of the gland, the 
cells forming the epithelial lining of 
the tubules being greatly reduced in 
height (fig. 10, A and B). Tubules 
with flattened epithelium are encoun- 
tered fairly often in sections of the 
normal prostate but never in the num- 
bers seen in those from exposed ani- 
mals, particularly in the 6- to 12-week 
groups. 


THYMUS 


The consistent and extensive decrease 
in thymus weight with repeated expo- 


sures was reflected in a relative in- 
crease in the amount of fibrosis in |iis- 
tologic sections and an actual decrease 
in lymphoid and reticulum cells of the 
cortex and medulla. The hemorrhagic 
areas that are rather frequent in the 
cortex of the thymus during the period 
of normal involution were found most 
often in the period from 6 to 10 weeks 
of exposure; few were found through 
the fourth week, and only one in the 
groups exposed 12 weeks. The controls 
showed no such variation; evidence of 
hemorrhage was found infrequently 
and was scattered rather evenly 
throughout the control groups. 


SPLEEN 


The spleens of the control rats 
(fig. 11) possessed certain histologic 
characteristics which were modifie: to 
a considerable extent by repeated ex 
posure. In the controls the red pulp 
contained a large number of mature 
red cells and a moderate amount of 
hematogenous pigment. Evidence of 
hematopoiesis existed, but to a min mal 
extent. Lymphoid nodules were \ist- 
ally numerous, and they often  on- 
tained active germinal centers with 
fairly numerous mitotic figures. .\ [ter 
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FIGURE 12. 


= 


Spleen from a rat exposed for 2 weeks, showing active erythro- 


genic hematopoiesis. X17. 


» weeks’ exposures, the red pulp con- 
tained few mature red cells and very 
little pigment. On the other hand, it 
showed evidence of very active erythro. 
genic hematopoiesis. Germinal centers 
were still in evidence in the splenic 


nodules, but they appeared relatively 


FiG' RE 13. 


inactive (fig. 12). With continued 
exposures, there was a gradual increase 
in the number of mature red cells in the 
red pulp so that by the end of 12 weeks 
many spleens appeared similar to those 
of the controls in this respect. Pigment 
remained small in amount until the 


Spleen from a rat exposed 10 weeks, showing very active hematopoiesis and a 
reduction in the number of germinal centers. 17 
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FIGuRE 14.—Spleen from a rat exposed 12 weeks, showing a reduction in hematopoiesis 
and an increase in germinal centers in the splenic nodules. X17 


tenth week, when many spleens were 
found to contain moderate to large 
amounts. Evidence of extremely ac- 
tive erythrogenic hematopoiesis was 
observed through the tenth week; but 
in many of the spleens of the animals 
of the 12-week group blood-cell forma- 
tion was found to have been reduced 
nearly to that characteristic of the 
controls. Spienic nodules appeared to 
decrease in number, and by the tenth 
week there were few spleens in which 
germinal centers could be identified. 
At 12 weeks, however, numerous lym- 
phoid nodules with small germinal 
centers were again noted. Figure 13 
shows the changes induced in the spleen 
after 10 weeks, and figure 14 after 12 
weeks of repeated exposures. 

Hematocrit determinations were 
made from heart blood from the ma- 
jority of animals. Figure 15 shows the 
changes in percent of packed cells in 
the various series. These changes fol- 
low the changes in hematopoietic activ- 
ity in the spleen rather closely. 


LYMPH NODES 


The iliac lymph nodes were chosen for 
examination; and although their reac- 
tion may not be representative of all the 


other nodes, they showed changes sim 
lar to those of the splenic nodules. 
Lymphoid nodules were found to de 
crease in size and number and to contair 
few and inactive germinal centers afte: 
2 weeks of exposure. By the end of 12 
weeks of exposures, the majority of 
nodes examined appeared to be normal. 
In a separate series of animals used 
for the study of the adrenals after single 
acute exposures (4), the spleen, iliac 
lymph nodes, and thymus were also ex- 
amined. These organs regularly 
showed destruction of the lymphatic 
tissues with karyorrhexis and phagocy- 
tosis of destroyed lymphocytes follow- 
ing such treatment. Twenty hours after 
treatment traces of damage were still 
evident, but by 44 hours no traces of 
the original extensive destruction could 
be observed. Occasionally in the | 
ent series small areas of karyorrhexis 
and phagocytosis could be identifie: in 
germinal centers of lymphoid nodules in 
the spleen and lymph nodes in both «on- 
trols and exposed animals, but there was 
no evidence of a similar reaction in the 
thymus. The gradual decrease i 
amounts of lymphatic tissues wit! 
peated exposures is apparently more the 
result of inactivation of the rep ace- 
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FicgurkE 15.—Changes in volume of packed red blood corpuscles with repeated exposures. 


ment mechanism than it is the active de- 
struction of lymphocytes. 


PANCREAS 


In the pancreas of a normal control 
animal fasted 18 hours before death, the 
amount of zymogen in the exocrine cells 
at a distance from the islets of Langer- 
hans appeared to equal that in the cells 
immediately surrounding the islets 
(fig. 16, A). All the exposed animals 
were also fasted 18 hours before death, 
yet following 2 weeks of exposure dis- 
tinct halos of cells immediately sur- 
rounding the islets were apparent in the 
majority of cases. This condition re- 
sulted from a decrease in amount of 
zynogen in the cells at a distance from 
the islets (fig. 16, B). With continued 
exposures, there seemed to be a loss of 
zyinogen from all exocrine cells so that 
from the eighth week on halos were not 
so evident, and degranulation was ap- 
parent throughout in nearly all glands 
(fir. 16, C7’). 


STOMACH 


Hemorrhage and erosion of the glan- 
dular-stomach wall were encountered in 
some animals in all exposed groups. 
Following 2 weeks of exposures, 20 of 
24 animals showed small hemorrhagic 


areas, usually multiple. The erosions 
were superficial, involving only the 
outer portions of the mucosa. 

After 4 weeks, 15 of 24 animals 
showed them, and from 6 weeks on 
nearly all animals possessed large 
ulcers, apparently of the acute variety. 
At 6 weeks, 22 of 23, at 8 weeks 22 of 
24, at 10 weeks 23 of 23, and at 12 weeks 
23 of 24 animals displayed them. 
Although the majority were of the 
shallow type shown in figure 17, perfo- 
rations through the stomach wall were 
found in some instances in the later 
groups. Numerous scars were also 
noted on the peritoneal surface, which 
suggested that old lesions were healing 
while new ones appeared. 
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Figure 16.—A, Pancreas from a normal rat weighing 331 gm., fasted 24 hours, showing 
large amount of zymogen present under such conditions. 260; B, Pancreas from : 
exposed 2 weeks and killed after a 24-hour fast, showing a reduction in zymogen gran ‘les 
at a distance from the islets of Langerhans. X260; C, Pancreas from a rat exp: <ed 
8 weeks and killed after a 24-hour fast, showing a general reduction in zymogen gran. !es 
x 260. 
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Figure 17.—Shallow gastric ulcer in a rat exposed for 6 weeks. X80. 


PITUITARY, THYROID, AND LIVER 


Cell counts of the anterior pituitary 
were not made, and consequently noth- 
ing was learned regarding possible 
changes in relative number of cell 
types. The only obvious variation 
from the normal was noted in the 
pituitaries of animals exposed for 2 

d4 weeks. Many of the glands from 

imals in these two groups contained 
cuolated beta cells. This vacuoliza- 
n was not noted in the controls or 
animals exposed for longer inter- 
s. No changes were observed in the 
gi material of either alpha or beta 

No consistent changes were seen in 

‘thyroid gland. However, there was 

increase in the number of follicles 

« itaining strongly acidophilic colloid, 

i) individual thyroids in all groups of 

e.posed rats. This change was noted 
672310—45——3 


in the majority of thyroids of rats ex- 
posed 2 and 4 weeks but only occasion- 
ally in those exposed for longer in- 
tervals. 

Fatty livers, encountered frequently 
in animals following acute exposure, 
were also found in the present series. 
Fatty infiltration was more common in 
the 2-week group than in any other. 
No differences from the normal were 
noted in the pattern of the Golgi mate- 
rial of the hepatic cells of exposed ani- 
mals. However, the morphology of the 
mitochondria was found to be affected 
by exposure. In control animals spher- 
ical mitochondria were found only in 
hepatic cells at or near the periphery 
of the hepatic lobules. In all exposed 
animals, they were found in the ma- 
jority of cells throughout the lobules, 
with the exception of cells immediately 
surrounding the central vein. 
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DISCUSSION 


The significance of the maintenance 
of pituitary weight during the early 
body-weight loss in the present study 
will be apparent only when the cyto- 
logic analysis of these pituitaries has 
been completed. Tornetta, Gordon, 
D’Angelo, and Charipper (15) found 
no effect on the pituitary weight of 
animals subjected to repeated expo- 
sures for 14 to 18 days, although Gor- 
lon, Tornetta, and Charipper (7) noted 
increases in the number of basophils, 
und increased degranulation and an in- 
creased gonadotropic hormone potency 
in pituitaries of animals so treated. In 
the present series, there was evidence not 
only of maintenance of pituitary weight 
during the period of loss of body weight 
but also an increase in weight to values 
above the average for the much heavier 
controls during the later periods of ex- 
posure, 

Throughout the period of exposures, 
during which there was considerable in- 
crease in heart weight, no histologic 
evidence of abnormality of the myo- 
cardium could be found. The occur- 
rence of valvular thickening and the 
occasional finding of vegetative endo- 
carditis are interesting. The presence 
of these vegetations in the absence of 
any histologic evidence of an infectious 
process suggests that excessive func- 
tional activity may be a factor respon- 
sible for valvular damage and endo- 
carditis. The fact that valvular thick- 
ening was present in such a high per- 
centage of the exposed animals suggests 
the possibility that thickening of the 
valves caused an increased amount of 
friction at closure of the valves, which 
was followed in some instances by endo- 
thelial damage and the deposition of 
fibrin to form the vegetative growth. In 
spite of the occurrence of valvular dam- 
age, the average heart weight-body 
weight ratios indicate a return toward 
normal values near the end of the period 
of exposures, suggesting the attainment 
of at least partial adaptation by the or- 
ganism. 


Tornetta, Gordon, D’Angelo, an 
Charipper (15) found a decrease j 
weight of the kidneys following ex 
posures at 25,000 to 28,000 feet for 
hours daily for from 14 to 18 days. I 
our series, the 2-week groups, more o 
less comparable with those of Tornett 
and co-workers, showed no significa) 
change, at least when compared wit 
animals of equal weight. Later the: 
was a consistent and significant iy 
crease in kidney weight to values eve 
above those for the heavier control-, 
This increase in weight is accounted for 
in good part at least by the inductio 
of hyperemia of the kidney, the mos; 
obvious sign of which is the increase 
size of the glomeruli. This increase jy 
turn appears to have been caused by 
an increase in volurne of the glomerular 
vapillary bed. Except for the occ 


sional occurrence of mitotic figures in 
proximal tubule cells, no other sign of 
hyperplasia was evident, therefore, it 
would appear that the hyperemia and 
enlargement of the glomeruli were thie 
major factors responsible for the in- 
crease in kidney weight. 


This is fur- 
ther supported by the fact that follow- 
ing 12 weeks of exposures both the 
kidney weight and glomerular size 
returned toward the normal. 

Silvette (9) presented evidence of a 
relative increase in kidney weight after 
27 days of repeated daily exposure for 
3 hours at 25,000 feet. It is possible for 
us to confirm this finding and to add 
that there is not only relative but also 
actual increase in kidney weight over 
that of the controls with longer ex- 
posure periods. Kindred (10) foun 
no enlargement of glomeruli in anim 
that had been given repeated exposure 
for 27 days, and it should be noted t! 
our cases of enlarged glomeruli (ob 
ous by visual inspection) were fou 
only in animals exposed for from 6 to 
weeks. 

We could not confirm Kindred’s fi: 
ings of early parenchymatous dam 
in kidneys of animals exposed reps 
edly to lowered oxygen tension. Rat 
frequent colloid casts were found, 
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1e majority of these were encountered 

animals exposed for 8 weeks or more. 

| a separate series of experiments in 

hich animals were exposed once for 

hours to lowered oxygen tension com- 
) wable with 25,000, 27,000, and 30,000 
{et altitude, there was no evidence of 
puenchymatous damage in the kidney. 
|: is quite possible that there is a differ- 
e ce in the resistance of the Wistar and 
Sprague-Dawley strains of rats to dam- 
ave induced with hypoxia. 

Che accumulation in the kidney of a 
yellowish-brown pigment, globular in 
form, apparently is accelerated by ex- 
posure to lowered oxygen tension. As 
indicated previously, this type of pig- 
ment was occasionally found 1n the cells 
of the proximal convoluted tubules in 
otherwise apparently normal controls. 
The appearance of hemosiderin follow- 
ing 8 or more weeks of exposures is pos- 
sibly related in some way to the polycy- 
themia and increased blood-cell forma- 
tion and destruction which were known 
to be occurring at this time. 

There is considerable evidence at 
hand, presented by Monge (7/8) and 
others, which indicates that in both 
animals and man the reproductive sys- 
tem is adversely affected by continuous 
exposure to high altitudes. Apparently 
similar effects may be induced with re- 
peated exposure. Dohan (74) found 
that continuous exposure to pressures 
varying from 235 to 380 mm. mercury 
resulted in a decrease in testis weight 
after 2 or more days. Tornetta and his 
associates (75) also noted decreases in 
ihe weights of the testes, seminal ves- 
icles, and prostates of rats exposed re- 
peatedly for 6 hours for from 14 to 18 
days to pressures equivalent to 25,000 to 
28.000 feet altitude. In the same labor- 
atory, it had been noted previously (7) 
the! extensive damage was induced in 
ser iniferous tubules under the same 

litions although the prostate and 
nal vesicles and the interstitial cells 
he testis showed little evidence of 
age histologically. At about the 
time, we (79) presented a prelim- 
y report to the Committee on Avia- 
Medicine, National Research Coun- 


cil, on similar changes in the testes of 
rats exposed at a simulated altitude of 
25,000 feet + hours daily, 6 days a week, 
for periods ranging from 2 to 12 weeks. 
This report included results on some of 
the animals included in the present 
series. Slight to moderate damage was 
noted as a result of 2 weeks’ exposure, 
and severe damage was observed in all 
groups exposed 4 weeks or more. The 
most severe damage was in the 6- and 
8-week groups, and some evidence of 
recovery was seen after 10 and 12 weeks. 
Here again, as in the case of the heart 
and spleen, there is evidence of the at- 
tainment of partial adaptation on the 
basis of organ weight-body weight 
ratios near the end of the period of 
exposure. 

Two instances were found in both the 
6- and 8-week groups in which the oe- 
currence of spermatogenesis was so rare 
as to suggest that the treatment had 
induced permanent damage. No evi- 
dence of such extreme damage was seen 
in either the 10- or the 12-week group, 
however, and the probability must 
therefore be considered that recovery 
may take place even following severe 
damage. 

Cell counts of the interstitial cells of 
the testis were not made, but it may be 
stated that large variations from the 
normal number such as would be noted 
by visual inspection were not encoun- 
tered. Fairly accurate interstitial cell 
counts would have to be made and re- 
lated to total testis volume in order to 
confirm the observations of Gordon, 
Tornetta, and Charipper (7) of slight 
atrophy of the interstitial cells of the 
testis. 

Tornetta, Gordon, D°Angelo, and 
Charipper (15) reported decreases in 
the weights of the seminal vesicles and 
prostate after 14 to 18 days of repeated 
exposures, although Gordon and others 
(7) observed only slight atrophy of 
these organs histologically. In the 
present series, although organ weights 
were not taken, considerable decrease in 
size of the seminal vesicles and mod- 
erate decrease of the ventral prostate 
were noted by the sixth week of expo- 
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sures, yet histologically there was little 
evidence of atrophy. The glandular 
epithelium of the seminal vesicles ap- 
peared to be normal, the major factor 
for the gross decrease in size apparently 
being a reduction’ in the amount of 
stored secretion. As mentioned pre- 
viously, the normal prostate often con- 
tains tubules with flattened epithelium. 
The more frequent occurrence of such 
tubules in the experimental group sug- 
gests the possible retention of secretion 
with consequent dilatation of the tu- 
bules and the flattening of the epithe- 
lium. Some atrophy must have oc- 
curred, however, since the majority of 
the ventral prostates of the exposed ani- 
mals were visibly smaller than those of 
the controls. 

Changes in spleen weight and _ his- 
tology are of special interest. As table 
1 shows, there was a rapid increase in 
spleen weight during the early part of 
the period of exposures, yet this was 
accompanied by histologic evidence of 
a decrease in number of red cells in the 
red pulp. The increase in weight under 


these conditions can be accounted for by 


the great increase in erythrogenic 
hematopoiesis, the major portion of the 
increased red-pulp volume consisting 
of areas of hematogenous tissue. The 
increase in spleen weight, although 
somewhat irregular, preceded the rise 
in hematocrit values and erythrocyte 
counts, as would be expected if the 
extramedullary hematopoiesis con- 
tributed to the elevated hematocrit. 
The significant decrease in spleen 
weights between the tenth and twelfth 
weeks came at a time when the hemato- 
crit values showed a slight decrease. It 
would have been interesting to study 
animals after 14 and 16 weeks of ex- 
posure to determine whether the 
hematocrit values would continue to 
decrease. A decrease in number and 
size of splenic nodules and their con- 
tained germinal centers was character- 
istic of the spleens of animals exposed 
for from 6 to 10 weeks. Spleens of 
animals exposed 12 weeks showed 
larger and more numerous nodules. 
Similar changes occurred in the lym- 


phoid nodules of the iliac lymph nod 
and together with the rapid decrease 
weight of the thymus throughout t] 
exposure period suggested that son 
common inhibitory factor was respoi 
sible. 

Using other stimuli, Selye (2 
showed that the presence of the a 
renal glands is essential for the invol 
tion of the thymus. Acute exposure 
cold, excessive muscular exercise, et 
induce extensive nuclear fragmentati« 
in the cells of the lymphatic tissues 
the spleen, lymph nodes, and thymn 
In adrenalectomized animals, simil 
treatment causes no change in the ly 
phatic tissues. Ingle (27) showed t] 
the injection of large amounts 
aglrenal cortical hormone will indi 
these changes in normal animals. 
indicated previously (see also (3 
acute exposure to lowered oxygen tei 
sion also induces rapid and extensive 
destruction of lymphocytes in the var- 
ious lymphoid organs. With repeated 
exposures this destruction does not ap- 
pear to be continued. Rather, the grad- 
ual decrease in amounts of lympho d 
tissues appears to be the result of an 
inhibition of the replacement mecli- 
anism. 

In a previous report (4), evidence 
was presented of a rapid response of 
the adrenal giands to a single acute ex- 
posure to lowered oxygen tension. This 
response consisted in a | decrease in lip . 
content in the zona fasciculata in man’ 
but not all instances and the aden 
uppearance of numerous small lipid 
droplets in the normally lipid-fr 
zone at the outer border of the fasci 
lata. Repeated exposures resulted 
the disappearance of the lipid-f 
zone; the cortex took on the appe 
ance described by Zwemer (22) as 
sulting from mild chronic stimulati 
This pattern of the adrenal cortex \ 
retained for the first 6 weeks of ex 
sures while during the last 6 we 
there was a gradual return toward 
normal pattern with the reappeara 
of the lipid-free zone. The last-n 
tioned changes were correlated wit 
gradual increase in adrenal wei 
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uring the first 6 weeks of exposures 
ul a relative decrease during the last 
weeks. Changes in the lymphoid or- 
ins seem to be correlated with these 
anges in the adrenals (3, 20); there 
extensive destruction of lymphocytes 
the time when the adrenals give evi- 
nce of great activity (23); ‘and the 
hibition of lymphocytogenesis is 
iaracteristic of the period of repeated 
‘posures When the adrenals show signs 
mild chronic stimulation. It would 
ear that evidence from studies on 
W pressure supports the views of Tep- 
rman, Engel, and Long (24) that 
lrenal hypertrophy is usually asso- 
ited with increased catabolism, the 
otein being derived from lymphatic 
ssues throughout the body. Excess 
nounts of circulating cortical hormone 
result in the destruction of lymphoid 
cells and the secondary production of 
g'ucose from protein under the same in- 
fluence. The presence of mild chronic 
stimulation of the adrenals on the other 
hand tends to inhibit lymphoid-tissue 
proliferation with little evidence of de- 
struction. 
Recently White 
j-27) and Dougherty, White, and 
Chase (28-30) indicated the probable 
significance of the destruction of lym- 
phocytes in the presence of large 
amounts of circulating adrenal cortical 
hormone. The injection of adrenal 
cortical hormone into adrenalecto- 
mized mice or the injection of pituitary 
alrenocorticotropic hormone into intact 
animals resulted in a very rapidly 
developing lymphopenia and a decrease 
in the number of lymphocytes in lym- 
phatic organs. Correlated with this 
disappearance of lymphocytes was an 
increase in serum proteins. These 
authors found also that increases in 
ibody titer may be brought about by 
injection of adrenal cortical extract. 
xie stimuli were shown to produce 
same effects in intact animals but 
in adrenalectomized mice. 


Dougherty and 


\n examination of the data of Dalton and Selye 

reveals that treatment of normal rats with 
aldehyde and the subjecting of rats to severe 
“i exercise results in the onset of lymphopenia 
h continues for nearly 12 hours. 


In this connection, it is significant 
that Murphy and Sturm found evidence 
of retrogression of a lymphoid tumor 
after the injection of large amounts of 
cortical hormone (32) and of an in- 
creased susceptibility of adrenalec- 
tomized rats to inoculation of the 
same tumor (33). They noted also en- 
largement and regrowth of the thymus 
in adrenalectomized rats. Absence of 
normal amounts of cortical hormone 
would seem to be the factor responsible 
for this change. 

The majority of the organs studied. 
either from their histology or their or- 
gan weight-body weight ratios or both, 
showed differences from those of the 
controls during the first part of the pe- 
riod of exposures and a tendency to re- 
turn toward normal in the second part 
(6 to 12 weeks). The adrenals (@). 
heart, kidneys, testes, spleen, and lymph 
nodes fall into this group. The thymus 
gland, pancreas, and stomach form a 
separate group, which while developing 
clear-cut changes from the normal in 
the first part of the period of exposures, 
gave no evidence of a return toward nor- 
mal with continued exposures. The 
fact that the lymphatic tissues of spleen 
and lymph nodes gave evidence of re- 
covery after 12 weeks’ exposures while 
the thymus did not, suggests that hyper- 
trophy of the lymphatic tissue of the 
spleen and lymph nodes may occur at 
a higher level of circulating cortical 
hormone than is the case with the thy- 
mus. 

The evidence of degranulation in the 
exocrine cells of the pancreas and the 
occurrence of gastric erosions are as 
typical for animals exposed for 12 weeks 
as for any earlier period. In animals 
which have become adapted to other 
forms of stress, both the pancreas and 
stomach appear to reattain their normal 
histologic structure (34). It would 
seem that some stimulus continues to 
act on these two organs and that it is 
responsible for the presence of abnor- 
malities in them at a time when the ma- 
jority of other organs give evidence of 
a return toward normal. 
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SUMMARY 


Male Sprague-Dawley rats were ex- 
posed 4 hours, 6 days a week, to lowered 
barometric pressure equivalent to 
25,000 feet altitude (282 mm. mercury 
pO, ¢. 59 mm, mercury) and were killed 
at intervals of 2 weeks from the begin- 
ning of the exposure through 12 weeks. 
Body weights were taken three times 
weekly throughout the period of expo- 
sures, and weights of organs taken from 
animals under nembutal anesthesia 
were determined for the pituitary, 
heart, kidney, testis, spleen, and thy- 
mus. Material for histologic examina- 
tion included these organs, as well as 
the lymph nodes, thyroid, pancreas, 
liver, stomach, seminal vesicles, ventral 
prostate, and epididymis. 

Both from histologic examination 
and organ weight- body weight ratios, 
the majority of the organs showed 
change from the normal on exposure, 
and eventual return toward normal 
with continued exposure. The excep- 


tions were the seminal vesicles and ven- 
tral prostate which exhibited decrease 


in size but little change in histology, 
and the thymus, pancreas, and stomach 
which showed no evidence of return 


toward normal following early hist 
logic changes. 

The important histologic changes i 
duced in the various organs affect: 
were as follows: Testis, extensive « 
generation of the spermatogenic ce] 
and damage to the seminiferous tubul] 
followed eventually by partial repa 
and recovery; heart, valvular thicke 
ing, occasionally with the appearance 
vegetative growths; kidney, the appea 
ance of colloid casts in the collectin » 
tubules and the late appearance of gra 
ular, iron-positive pigment in the ce! s 
of the proximal convoluted tubule 
spleen, disappearance of pigment, j 
creased hematopoiesis, and a decrea-e 
in number and size of the splenic no 
ules, followed by a reversion of these 
characteristics toward the original co 
dition; pancreas , degranulation of the 
exocrine cells throughout the latter part 
of the period of exposures: and stoii- 
ach, the development and continued 
healing and new formation of gastric 
erosions associated with hemorrhage 
which gave no evidence of decreasing at 
a time when the animal as a whole a p- 
peared to have become more or less 
adapted to the conditions of the experi- 
ment. 
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INTRODUCTION 


A recent review (7) indicated that al- 
t ough the ovaries, as the chief source 
«f estrogenic hormones, occupy a focal 
| sition in the hormonal influences 
vhich are one of the essential factors 
i) Mammary earcinogenesis, other en- 
docrine secretions, especially those of 
the adrenal cortex and of the anterior 
p tuitary, are also involved. The work 
0! Woolley et al. (2-4) showed that 
e madectomy of newborn mice leads to 
progressive hyperplasia of the adrenal 
cortex and in strain ce eventuates in 
adrenal cortical carcinoma. There was 
gradual recovery of the accessory sex 
organs and the breast from the castrate 
state, and mammary tumors developed 
i 37 of females of the dba strain 

ind in 2 of 20 mice of the C3H strain. 
Tl iat castration does not have to be per- 
formed on very young mice was re- 
ported by Gardner (4), who ovariec- 
tomized mice of the NH strain at 43 to 
60 days of age and obtained 15 tumors 
of the adrenal cortex; 2 of these ani- 
nals also developed mammary carci- 
noma. 

Studies in carcinogenesis, therefore, 
are in accord with the endocrine inves- 
tigations showing that the adrenal cor- 
tex, in relation to sexual functions, can 
be considered a potentially bisexual 
accessory gland capable of secreting 
‘ii her estrogens or androgens under the 
influence of stimuli from the pituitary 

ind. In the preliminary investiga- 

n reported here, an attempt was 

de to evaluate the relative import- 

‘e of the ovarian and the adrenocor- 

il secretions in mammary carcinogen- 

= in mice. 


EXPERIMENTAL PROCEDURE 


Virgin strain C3H female mice of 
tl» Andervont subline, born and raised 
at the National Cancer Institute in Dr. 


J. W. Thompson’s colony, were sub- 
jected to experimental procedure at 4 
weeks of age. Approximately 100 mice 
were divided into 5 groups: (1) Un- 
treated controls; (2) ovariectomized; 
(3) ovariectomized and implanted sub- 
cutaneously with 5-10 mg. pellets of 
dlesoxycorticosterone acetate; (4) ad- 
renalectomized and implanted’ with 
similar desoxycorticosterone acetate 
pellets; and (5) adrenalectomized and 
ovariectomized, and also implanted with 
desoxycorticosterone acetate pellets. 
Desoxycorticosterone acetate pellets, 
implanted subcutaneously just before 
adrenalectomy and again approxi- 
mstely 6 months later, were used in the 
hope of sustaining the lives of animals 
deprived of the adrenals. Without 
controlling the sodium and potassium 
content of the diet, adrenalectomized 
C3H mice seldom survive for more 
than 7 days. It was previously ascer- 


tained that desoxycorticosterone acetate 


does not influence the appearance of 
mammary tumors in intact C3H mice 
(¢); group 3 of this experiment served 
as an additional control. 

The animals were examined weekly 
wooden cages, four to six per cage, 
and were given Purina dog chow pel- 
lets and water ad libitum. No measure- 
ments were made of the food consump- 
tion, but the animals were weighed once 
a week for the first 9 months of the 
experiment. 

The animals were examined weekly 
for the presence of subcutaneous tumors 
and were killed soon after such masses 
were found. The tumors and other 
relevant tissues were subjected to his- 
tologic examination. Search in_ the 
gross was made for residual or regen- 
erated adrenal or ovarian tissue. 

Animals dying without tumors dur- 
ing the course of the experiment were 
weighted according to the proportion of 
animals, within the tumor population of 
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the control group, which had developed 
tumors at or prior to the time of death 
of the particular animal. This gave 
the corrected total (7) of mice used in 
each group. 

RESULTS 


The results (table 1) indicate that 
ovariectomy of 4-week-old C3H females 
reduced the incidence of mammar Vv car- 
cinomas from 85 to 35 percent, and that 
dlesoxycorticosterone acetate did not in- 


TABLE l. 


Group 


Normal virgins 

Ovariectomized mice 

Ovariectomized mice implanted with DC A 2 
Adrenalectomized mice implanted with DCA 


Ovariectomized and adrenalectomized mice implanted with 


DCA 


For method of derivation, see Bryan and Shimkin (7) 


crease the incidence of mammary t 
mors in ovariectomized mice. 

The incidence of mammary tumo 
in the untreated controls was lower a 
the average tumor age greater, in co! 
parison with data given by Andervo 
(S) for this subline. In 1941 the in 
dence of tumors in 350 virgin femal] 
was 97.4 percent, and the average tum: 
age was 10.4 months. The statistical 
signific ant discrepancy is not explai 
able at this time. 


Adrenalectomy and ovariectomy in C3H female mice 


Corrected 
number of 
mice 


Number 


Mice with | : Avera 
of mice Tumors 


tumors tumor 


Number Percent Mont! 
17 5 
6 
6 


5 


1 


2 DCA, desoxycortecosterone acetate, subcutaneous pellets 10-20 mg. 


Despite the administration of desoxy- 
corticosterone, the survival of approxi- 


mately half of the adrenalectomized 
mice was relatively short, as shown by 
the corrected totals. However, adrenal- 
ectomy reduced the incidence of mam- 
mary tumors to approximately the same 
extent as did ovariectomy, although the 
average tumor age of the animals was 
not significantly different from that of 
the controls. The ovariectomized- 
adrenalectomized group showed the 
greatest reduction in the incidence of 
tumors. Although the incidence in this 
group Was certainly lower than that in 
the control group, it cannot be said to 
be significantly lower than the incidence 
in the two ovariectomized groups of ani- 
mals. <A larger group of animals is re- 
quired to establish the latter point. 

The differences in incidences of mam- 
mary tumors in the five groups are not 
attributable to weight loss. The un- 
treated animals gained in weight until 
they reached 26 gm. on the average at 
4 months and 28 gm. at 9 months of age. 
The adrenalectomized and castrated- 
adrenalectomized mice — consistently 


weighed 1.5 to 2 gm. more than did the 
control group; the average weighits 
were 28 om. at + months, and 30 gm. at 
months of age. This increased weight. 
possibly attributable to water retention 
under the influence of desoxycorticos- 
terone, was noted also in a previous iii- 
vestigation (6). The ovariectomized 
mice were the heaviest group, weighing 
29 gm. at 4 months and 30.5 gm. at 9 
months of age. 

It is probable that the mechanism of 
adrenalectomy in reducing the incidence 
of mammary carcinoma in C3H mice is 
through the failure of ovarian activity 
There is a prompt cessation of ovari: 
activity in rats following adrenal 
tomy (9%), but this failure can be c 
rected to a large measure by adequaie 
salt intake (70). Parkes (//) ce 
cluded that the effect of adrenalecton:) 
on the ovary, whether or not it is ( 
erted through the pituitary gland, ‘ 
result of loss of general <aiiiae | | of 
the animal] rather than the lack of a 
specific gonadergic substance produc «| 
by the adrenals.” 


The work of Woolley, Fekete, a ‘| 
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ttle (2) indicates that mammary tu- 
nors in mice deprived of the ovaries are 
wobably due to extra-ovarian produc- 
ion of estrogenic compounds in the 


idrenal cortex. 
veriment 
lusion. 


(1) 


( 


?) 


3) 


(4) 


») 


The results of this ex- 
line with this con- 
ovariectomized mice 


are in 


The 
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nodular hyperplasia of the 
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It is apparent that the estrogenic 


compounds produced by the adrenal 
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are not metabolic products that 
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INTRODUCTION 


The studies of the regeneration of 
‘rtain lower forms such as Zydra from 
erganization centers! apparently form. 
ig de novo in disintegrated tissue 
asses has been studied qualitatively 
I-4). 
The emergence of these centers or 
xes of development is most probably 
ependent upon the joint activity of a 
ast two differentiated types of cell 
?). It is also mainly dependent upon 
‘tive rearrangement of tissues rather 
an upon proliferation (2,4). How- 
er, beyond these largely descriptive 
tudies, there is a dearth of quantita- 
ve data. In order to gain insight into 
ie regulation factors acting in this 
nergent process, it would seem neces- 
iry to attempt to correlate quantita- 
vely some of the factors that may 
meceivably be of importance. 
The volume of the disintegrated 
ssue mass, within which such centers 
rise, as a possible factor controlling 
ie number of such centers emerging 
is dealt with herein. Geometric factors 
ch as shape are not considered since 
his factor was not varied in the study. 
is clearly realized that this and 
any other factors such as introduction 
known chemical and _ physical 
anges into the mass or its environ- 
vent must also be studied before any 
onclusions can be reached as to the 
ndamental processes involved. An 
‘tempt has been made to develop a 
ethod that permits further study in 
ch direction. 


MATERIALS AND METHODS 


Specimens of the common white hy- 
a, Zydra vulgaris, were secured from 


The term “organization center” is used rather 
n “organizer” since it is generally held that 
ostomal tissue corresponds most nearly to the 
inizer, in Spemann’s sense, at least in so far 
grafting experiments show. In the experiments 
wrted here, preformed hypostomal tissue was 
ent 


a local pond and raised in mass culture 
in a glass aquarium holding about 10 1. 

The culture fluid (saline) employed 
Was the same as that used in previous 
experiments on Amoeba? The aquar- 
ium was seeded with unicellular green 
alyae, a few small daphnias, and the 
hvdras. This combination made a very 
long lived culture, daphnias feeding on 
algae and hydras en daphnias. The 
addition of a little salmon-egg meal for 
extra nitrogen whenever the number of 
hvdras fell off served to commence 
another crop. No great difficulty was 
encountered in obtaining a_ sufficient 
quantity of hydras, provided the cul- 
ture received plenty of light. Distilled 
water was added from time to time as 
needed to offset the loss from evapora- 
tion. 


EXPERIMENTAL PROCEDURE 


The hydras were removed from the 
walls of the aquarium by sucking them 
into a pipette. They were ejected into 
a small pyrex dish holding about 10 ce. 
and previously filled with fresh saline, 
and were left there overnight to give 
time for the digestion of contained food 
and expulsion of indigestible portions 
remaining in the gastrovascular cavity. 
The next day, the hydras were lifted in- 
dividually from the dish and _ placed 
upon a microscope slide in a drop or 
two of saline. The hypostomes, tenta- 
cles, and feet were cut off and dis- 
carded, and the trunks left were thor- 
oughly minced. A Von Graefe cata- 
ract knife was used for this operation. 
From 15 to 30 or more individuals 
were combined in this way for each 
experiment, the number depending on 
the size of the hydras used. 

After mincing, the mucilaginous 
character of the tissue caused it to form 

2?Sodium chloride, 0.1 gm.: potassium chloride, 
0.04 gm.: calcium chloride, 0.06 gm.: sodium car 


bonate, 0.04 gm.; and glass-distilled water to make 
1,000 ce. 
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a single mass, so that the excess of saline 
was readily removed from the minced 
tissue by suction. The jellylike mass 
was distributed with the aid of a knife 
into a series of molds formed by boring 
conical holes, with small twist drills, in 
a lucite block. 

These holes were formed by allowing 
only the conical tip of the drill to pene- 
trate the plastic. Figure 1 shows the 














ws ~ Wh. 


Figure 1.—Type of mold used. A, Plate 
showing position of holes ;.B, Cross sectional 
dizgram showing shape of hole. 


mold plate. The drills were chosen to 
form a roughly graded series. Morse 
wire drills, sizes nos. 68, 61, 56, 52, and 
47 were used. The volumes of the con- 
ical holes in cubic millimeters were 
0.318, 0.636, 1.077, 2.719, and 4.168, re- 
spectively, or as nearly as possible in 
the volume ratios of 1-2-4-8-16 as the 
drill sizes permitted. 

The molds were filled flush with the 
surface of the plate with the minced 
tissue, a slab of 2-percent agar jell, pH 
7.0, made up in the saline used was 
placed on the mold over the holes to 
serve as a retainer, the whole was placed 
in a petri dish, and saline was added to 
cover the preparation completely. Care 
was taken in adding the saline not to 
disturb the agar slab. After 24 hours, 
the agar was removed; longer retention 
frequently resulted in damage. By that 
_ time the cell masses had fused and were 

easily removed from the molds. On re- 
moval, they assumed a nearly spherical 
shape. The regeneration of the masses 
was followed closely for 6 days. The 
results are described in this paper. 


RESULTS 


Five experiments were performed. A 
record was kept for each mass, of the 
emergence of hypostomes, feet, and ten- 
tacles, and the formation of cavities 


showing definite orientation in th 
masses. The results of a typical exper 
ment are presented in table 1. 

In these experiments, no unorganize 
material was evident after the fifth day 
that is, no parts that could not be visi 
ally connected with an evident develo] 
ment axis. Therefore the results on t] 
sixth day were considered as showin 
the final state of emergence. Plottin 
of the number of organs enumerate 
previously, on the sixth day, again- 
the volumes of tissue masses fro! 
which they were formed indicated tha 
there was a logarithmic relation lb: 
tween volume and number. The result 
of such treatment of the data are show 
in figure 2. In this figure and also i 
figure 3, the curves were fitted to th 
points by the method of averages. 

There was a very close relation b: 
tween the number of cavities, 1. e., def 
nite gastrovascular cavities, and_ thie 
logarithm of the volume of the mass of 
tissue used. Further, the value take 
for log volume at unit number of cav- 
ity, hypostome, and foot (the numbe: 
necessary for the formation of a com 
plete hydra) are 0.40, 0.34, and 0.43 and 
thus indicate that the formation of each 
is subserved by 0.25, 0.22, and 0.27 mm.’ 
of tissue. 

The formation of feet, hypostomes, 
etc., under all conditions is seen (as 
might well be expected) to be almost «i- 
rectly related. This is shown by plot- 
ting the average number of feet, cay 
ties, or tentacles per hypostome against 
average hypostome number as_ ce- 
veloped under all conditions (fig. 3). 

In general there was close to a 1: | 
ratio for feet, hypostomes, cavities, ani 
for an average of 4.6 tentacles per hypo- 
stome. There was, then, a tendency to 
form one or more complete hydras ha 
ing approximately 5 tentacles each as « 
log function of the volume of tiss 
used. 


DISCUSSION 


Even the few data presented shi 
clearly that quantitative relations ex 
between the volume of the minced tiss 
used and the number of organized for 
arising therefrom. Whether hy; 
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stomes, cavities, tentacles, or feet are 
taken as indices, the number developed 
appears very nearly as a logarithmic 
function of the volume of minced tissue 
used, under the experimental condi- 
tions. 

As shown in figure 3, there is also 
(within experimental error) a 1:1 ratio 
between the number of feet, hypo- 
stomes, cavities, and approximately 
one-fifth of the number of tentacles 
developed in all masses. Thus the 


» 
ds 


TABLE 


RE 2.—Relation between initial volume of tissue and number of regenerating organs 
Abscissa, log initial volume in cubic millimeters X 10. 


organization tended to proceed in 
multiples of complete hydra having an 
average number of five tentacles.’ In 
short, there is a definite tendency always 
to develop a number of axes of organ- 
ization, Which individually tend strong- 
ly to attain complete development. 

It would seem that the demarcation 
of territory for this development is rap- 


ix 


maturity 
find small 


*The usual number of tentacles at 
six. It is, however, not unusual to 
hydras with fewer. Three is common. 


1.—Erxperiment 1, reorganization of hydras from minced tissue 
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Figure 3.—Relation between number of other organs and number of hypostomes developed 
from regenerating masses. 


idly achieved since there is relatively 
little indication in the data of suppres- 
sion of organs once determined. A ten- 
tative value for the volume thus pre- 
empted may be taken as that which is 
the average of the values taken for unit 
- formation of hypostome, cavity, foot, 
and 4.6 tentacles, as read from figure 2 
by extrapolation. (The mean, not the 
sum of these values must be taken since 
the development is not serial but effec- 
tively simultaneous.) This gives 0.25 
mm.* as the volume dominated by an 
organization center, suggesting that in 
masses exceeding this volume, apparent 
attempts at formation of more than one 
hydra might occur. 


The smallest mass used experiment- 


ally was 0.32 mm.,° and in two of | 
five tests at this volume there is e 


dence of such activity. In one an adi(i- 


tional hypostome, and in another 
additional foot was formed. 
There is no reason to consider t! 


0.25 mm.* is necessarily the minim!) 


volume needed for complete reorgan! 
tion. Peebles (6) found that a « 
plete hydra could regenerate fron 
portion of body only 0.6 mm. in dia 
eter. This piece was from a cut | 
tion already organized. Whether | 
mincing results in an increase in 
volume needed was not determined. 
Why a logarithmic function sho 
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be found to express this relation is at 
present unknown. One might specu- 
late as to diffusion phenomena, competi- 
ion between axes during development, 
tc. It must suffice for the present to 
wte that the development observed is 
robably the resultant of many factors. 

The approach, however, opens a way 
‘or a quantitative investigation of the 
ffects of many reagents, both chemical 
nal physical, on the phenomena of or- 
anization. Experimentation along 
his line is under consideration. 


SUMMARY 


A method is described for obtaining 
reorganization of minced masses of 
hydra tissue of known volume. 

The number of organization centers 
that appeared in these tissue masses was 
directly proportional to the logarithm 
of the volume of tissue. 

A mass of 0.25 mm. gave rise to a 
single organization center. In masses 
exceeding this volume, more than one 
center developed. 

A discussion of the data is given. 
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